Abstract. Mirror mode turbulence is the lowest frequency perpendicular magnetic excitation in magnetized plasma proposed already about half a century ago by Rudakov and Sagdeev (1958) and Chandrasekhar et al. (1958) from fluid theory. Its experimental verification required a relatively long time. It was early recognized that mirror modes for being excited require a transverse pressure (or temperature) anisotropy. In principle mirror modes are some version of slow mode waves. Fluid theory, however, does not give a correct physical picture of the mirror mode. The linear infinitesimally small amplitude physics is described correctly only by including the full kinetic theory and is modified by existing spatial gradients of the plasma parameters which attribute a small finite frequency to the mode. In addition, the mode is propagating only very slowly in plasma such that convective transport is the main cause of flow in it. As the lowest frequency mode it can be expected that mirror modes serve as one of the dominant energy inputs into plasma. This is however true only when the mode grows to large amplitude leaving the linear stage. At such low frequencies, on the other hand, quasilinear theory does not apply as a valid saturation mechanism. Probably the dominant processes are related to the generation of gradients in the plasma which serve as the cause of drift modes thus transferring energy to shorter wavelength propagating waves of higher nonzero frequency. This kind of theory has not yet been developed as it has not yet been understood why mirror modes in spite of their slow growth rate usually are of very large amplitudes indeed of the order of |B/B 0 | 2 ∼O(1). It is thus highly , 1998). Such trapped electrons excite banded whistler wave emission known under the name of lion roars and indicating that the mirror modes contain a trapped particle component while leading to the splitting of particle distributions (see Baumjohann et al., 1999) into trapped and passing particles. The most amazing fact about mirror modes is, however, that they evolve in the practically fully collisionless regime of high temperature plasma where it is on thermodynamic reasons entirely impossible to expel any magnetic field from the plasma. The fact that magnetic fields are indeed locally extracted makes mirror modes similar to "superconducting" structures in matter as known only at extremely low temperatures. Of course, microscopic quantum effects do not play a role in mirror modes. However, it seems that all mirror structures have typical scales of the order of the ion inertial length which implies that mirrors evolve in a regime where the transverse ion and electron motions decouple. In this case the Hall kinetics comes into play. We estimate that in the marginally stationary nonlinear state of the evolution of mirror modes the modes become stretched along the magnetic field with k =0 and that a small number the order of a few percent of the particle density is responsible only for the screening of the field from the interior of the mirror bubbles. 
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Introduction
For the past quarter of a century a multitude of spacecraft observations have provided plenty of evidence for the reality of extremely low frequency magnetic structures in the solar wind (see, e.g. Winterhalter et al., 1994; Fränz et al., 2003) , the magnetosheath (e.g. Kaufman et al., 1970; Tsurutani et al., 1982; Hubert et al., 1989; Lacombe et al., 1992; Hill et al., 1995; Czaykowska et al., 1998; Lucek et al., 1999 Lucek et al., , 2001 , the magnetosphere (e.g. Lühr and Klöcker, 1987; Treumann et al., 1990) , cometary environments (e.g. Russell et al., 1987; Glassmeier et al., 1993; Tsurutani et al., 1999) and other planetary magnetospheres (e.g. Russell et al., 1999; Huddleston et al., 1999) which all have been interpreted as so-called mirror mode structures. These structures are compressional non-oscillatory magnetic variations the typical property of which is to exhibit a pronounced local anti-correlation between the magnetic and thermal (kinetic) pressures suggesting that they are in local pressure equilibrium which at a first glance is quite reasonable assuming they represent a stationary plasma state. This poses the non-trivial question of what kind of plasma state is represented by mirror modes. The reason is that mirror modes cause some structuring of the plasma thus generating a state of higher order than the initial state. Moreover, the plasma is ideally conducting which implies that plasma and magnetic field are frozen and cannot be separated from each other. One therefore has to find a mechanism which distorts both the frozen-in state and leads to a higher order without violating the second law, in other words, the higher order state has to be a state of reduced free energy. In the following we discuss a number of implications of these conditions on the development of mirror mode turbulence. Here we are merely posing the problem without giving a solution of the final stationary state. Any such solution has either to investigate the full dynamics of a high-temperature, ideal, turbulent plasma or to determine the thermodynamic equilibrium functions of such a plasma by minimizing the available free energy.
Observational constraints
Mirror mode structures are usually very large-amplitude depressions in the magnetic field the order of >50% in amplitude (examples are shown in Figs. 1 and 2) sometimes even reaching ∼70-80% in magnetic pressure. Such structures are very far from linear state and must have formed in nonlinear interaction. Linear theory of the mirror mode applying to infinitesimally small perturbations in the magnetic field and pressure has been developed half a century ago by Rudakov and Sagdeev (1958) and Chandrasekhar et al. (1958) and in recent years has been brought to maturity (for a most recent approach see, e.g. Pokhotelov et al., 2004) . However, what is observed is far beyond any linear state.
So far no reliable nonlinear theory exists that would satisfactorily describe the formation or evolution of a stationary state of the mirror mode in high temperature plasma. There have been two attempts in developing such a theory, a quasilinear approach (see, e.g. Yoon, 1992; Treumann and Baumjohann, 1997) and an approach based on modulational theory (see, e.g. Baumgärtel, 1999; Baumgärtel et al., 2003) , the latter relying on the assumption that mirror modes arise Lucek et al., 2001) . The deep nonlinear dropouts in the magnetic field from an in the average high magnetic field value are seen. Also seen is the weak variation of the magnetic field over the small separation distances of the Cluster spacecraft fleet. The variation is mainly in one component only as can be realized from the much more gradual (background) variations in elevation and azimuth of the magnetic fields.
basically from the nonlinear evolution of dispersive Alfvén waves. Both theories do, however, not apply.
Quasilinear theory predicts the reduction of the initial ionpressure anisotropy towards stabilization up to a minimum required for keeping the final state. Though this seems to be quite reasonable, the validity of the theory is strongly questionable because the mirror mode is a non-oscillatory wave mode of small growth rate such that averaging over the period of the wave oscillation becomes spurious. There is plenty of time for other higher frequency instabilities to develop feeded by either the plasma anisotropy or by the plasma gradients self-consistently generated by the linear mirror mode itself in the plasma. In the first case one expects ion cyclotron instabilities to arise (for a discussion see, e.g. Gary, 1992) , in the second case short-wavelength highfrequency drift instabilities should evolve rapidly destroying the mirror mode.
On the other hand, theories based on solitary wave formation from dispersive Alfvénic waves referring to the derivative nonlinear Schrödinger equation (DNSE) may possibly apply to localized isolated magnetic holes observed in the solar wind ecliptic current layer (Winterhalter et al., 1994) ; they fail when applied to mirror mode turbulence in the currentfree magnetosheath, magnetospheres and cometary environments as there the polarization of the structures is different from single magnetic holes. First, in plasma with temperature (pressure) anisotropy A=T ⊥ /T >1 required for mirror modes to exist, Alfvén waves remain stable and cannot be excited unless some peculiar mechanism (like fast field aligned ion beams propagating across the plasma or local field-aligned electric potential drops serving as sources of Alfvén waves) is at work. Neither of such mechanisms exists in the magnetosheath. Second, observations show that the structures do not appear isolated but in chains of many closely located magnetic depressions separated by intense magnetic walls (see Fig. 1 ); third, their magnetic field polarization is entirely parallel with negligible transverse magnetic components (see for instance Fig. 3 ) indicating that their phase velocities are very close to being perpendicular which is in striking contrast to Alfvénic structures where the compressional component can be neglected. In addition, investigation of the particle components inside the mirror structures suggests that they contain trapped particle components which are the signature of a mirror configuration which confines the low energy component to the region of magnetic field depression. This low energy zero parallel velocity component is crucial in formation of mirror modes (as has been realized first by Southwood and Kivelson, 1993) since it is the one which is in resonance.
From this discussion it follows that the mere existence of mirror mode structures is a somewhat strange fact, in particular because in high temperature plasma a large number of turbulent modes like drift waves may arise which will fatally affect the evolution of mirror modes. On the other hand the existence of mirror bubbles suggests that they themselves represent a lowest frequency quasi-stationary turbulent mode that may evolve in a high temperature plasma leading to a distinct spatial structuring of the plasma both in the magnetic field as in the plasma pressure and densities. Mirror modes in their nonlinear state thus represent a state of minimum free energy in an anisotropic high temperature plasma with excess transverse temperature. Since structures of this kind have very low phase velocity ω/k≈0 in the plasma frame they are subject to convection along with the plasma itself. Their frequency in the spacecraft frame is given by ω sc ≈k · v causing distinct frequency power spectra P (ω sc ) which map the wavelength spectrum P (k) of the mirror modes into the frequency domain.
The spatial scale of the mirror mode can be investigated with the help of multi-spacecraft missions. Figure 4 shows two cases of (nonlinear) mirror mode observations in the magnetosheath obtained with the dual spacecraft mission AMPTE IRM-UKS in 1984. The measurements shown are three months apart. In the upper part of figure the spacecraft separation was the order of 30 km, while in the lower part the distance between the two spacecraft was ∼600 km. The striking difference between these two measurements is that at close separation distance the profiles of the mirror bubble transects are almost identical (apart from the lesser time resolution of the UKS magnetometer) proving the stationarity and purely convective properties of the mirror mode. At the large (almost transverse) spacecraft separation, however, the similarity is lost. Thus, under the conditions prevailing in the magnetosheath the transverse spatial scale of the nonlinear mirror mode falls into the interval of a few 10<λ ⊥ <600 km. For a typical magnetosheath plasma density of n ∼ 30 cm −3 , the ion inertial length is λ i ∼160 km, which is in agreement with the observations. One thus expects that the spatial scale of mirror modes is the order of λ ⊥ ∼λ i . This distance is also comparable with the gyroradius r ci =v i⊥ /ω ci of a magnetosheath proton. It thus suggests that the magnetosheath ions are only marginally magnetized when the mirror structures reach their nonlinear regime of stability, and ion inertia becomes important in these conditions. It is interesting enough in this respect that the linear ion-mirror instability growth rate maximizes when the wavelength of the mode becomes comparable to the ion gyroradius, though this fact must be taken with caution as the stationary state is far from linear.
Summary of linear theory
The energy source of the mirror mode is the pressure (or temperature) anisotropy of the ions. The linear theory of the mirror mode in a homogeneous anisotropic plasma has been given first by Rudakov and Sagdeev (1958) taken at small separation vector s GSE =(−1, 22, 31) km, while the lower part of the figure is taken three months later at large separation vector s GSE =(161, −600, 6) km. At close separation distance only 15 s of measurements of the magnetic field are shown. Apart from the lower time resolution of UKS the two magnetic field profiles are identical showing that the mirror structure is stationary and is convected across the two spacecraft at magnetosheath speed. At large separation distance the longer time sequence shows that there is almost no similarity between the measurements of the two spacecraft, suggesting that the typical transverse scale of mirror modes is the order of a few 100 km.
has later been extended to kinetic theory by Tajiri (1967) and Hasegawa (1969) who included a weak plasma inhomogeneity thus obtaining a finite real frequency of the drift-mirror mode which is caused by the diamagnetic drift frequency of the particles in the large-scale plasma gradients.
The most complete theory, including inhomogeneity, finite electron temperatures, and arbitrary distribution functions has recently been given by Pokhotelov et al. (2002) and Pokhotelov et al. (2003) where the simple quasihydrodynamic criterion for instability has been generalized. In this approach even two previously unknown new branches of the mirror mode have been uncovered, a hydrodynamic and a kinetic branch which under favorable circumstances should occur in nonuniform plasmas with finite-temperature electrons and in some cases can have larger growth rates than the ordinary ion-drift mirror mode.
The extension of linear theory to include finite ion gyroradii has been given only recently (see Pokhotelov et al., 2004) . The important result of this last step is that the original finding of linear theory that the mirror growth rate increases at short wavelengths comparable to the ion gyroradius has been confirmed thereby eliminating the short-wave divergence of the growth rate at kr ci →∞. Indeed, for wavelengths shorter than the ion gyroradius kr ci >1 the growth is substantially reduced due to averaging over an ion-gyro orbit. Fastest growth is thus retained near wavelengths comparable to the gyroradius though the threshold instability is increased when taking into account the kinetic effects. In fact, it becomes dependent on wavelength such that for given temperature anisotropy onset of instability is different for different wavelengths.
The infinitesimal physics of the linear state can be read from the most simple linear mirror mode dispersion relation which we give here for a bi-Maxwellian plasma (Pokhotelov et al., 2004 ) not taking into account any finite gyroradius effects:
where K=A−1/β ⊥ , and A=(T ⊥ /T )−1 is the temperature anisotropy. The term A results from magnetically "mirroring" particles, i.e. from the reflection of particles from regions of increasing magnetic field by a quasi-static compressive field perturbation (e.g. Southwood and Kivelson, 1993) . The term 1/β ⊥ is the elastic resistance of the magnetic field lines; it decreases with growing β ⊥ . The next term in the above equation contains the effect of magnetic field line bending which contains the difference β ⊥ −β from the pressure anisotropy. The last term is the only one which contains the frequency. This term is the contribution of resonant particles which in this case have zero parallel velocity; with respect to the parallel phase velocity of the wave these particles are at rest along the ambient magnetic field. Solving for the frequency yields the growth rate
This growth rate has been extensively discussed. It contains the competition between the tension generated by the field line bending and the ballooning pressure resulting from the pressure anisotropy. We note here that it requires k =0 and
and for given anisotropy A, β , β ⊥ and k ⊥ maximizes for a propagation angle θ between k and the magnetic field given by tan 2 θ = 1 3
This yields a growth rate at maximum unstable angle
Finite gyro radius effects introduce some further modifications (Pokhotelov et al., 2004) which do not interest us here. Instead we note that the above growth rate suggests that under marginally stable conditions when the mode growth ceases due to the action of some nonlinear effects the mode will propagate strictly parallel with k marg =0 and γ marg =0.
Under such a condition we will thus have K marg ≡0 and, hence,
which is the original threshold condition for the linear mirror mode. One may therefore expect that under nonlinearly stable conditions the mirror mode will have a number of distinct properties:
-Its lowest free energy state will be characterized by strictly perpendicular propagation with zero field line bending;
-mirror mode bubbles will therefore consist of extended magnetic flux depressed tubes being separated from each other by magnetic walls;
-the remaining marginal pressure anisotropy will strictly satisfy the marginal stability condition;
-the typical perpendicular scale of the flux depressed tubes will roughly be the order of the thermal ion gyroradius (or ion inertial length), because the growth rate maximizes for wavelengths comparable to the gyroradius.
Nonlinear treatment: a superconducting analogue
The nature of the nonlinear evolution of the mirror mode to form highly nonlinear stationary structures of the kind which is observed in the magnetosheath is of course not easily inferred. Knowing that the condition of marginal stability should also describe the final nonlinear state and that in such a state the mirror mode should be essentially twodimensional with transverse size of the order of the ion inertial length, we can interpret the condition of marginal stability as the critical condition separating two basically different states of plasma, a normal state, when the magnetic field is large, and a special state referring to the interior of mirror structures when the magnetic field is reduced. In doing so, and noting that β=2µ 0 nk B T /B 2 , with n the density, we may rewrite the condition of marginal stability as a condition on the magnetic field
where the index c denotes the critical value of the magnetic field. For magnetic fields less than this critical value the plasma will consist of a system of mirror bubbles while for larger magnetic field it will assume its normal bubble-free state. The special state B s , when the mirror bubbles evolve will thus be a plasma state different from normal and the plasma will undergo a phase transition when changing from normal to special states, respectively. The above condition shows that the critical magnetic field depends on the temperature in a special manner. For T >T ⊥ the critical magnetic field becomes imaginary and no phase transition occurs. On the other hand, when T <T ⊥ phase transitions become possible. Therefore, T ⊥ plays the role of a critical temperature for T , and we can define a temperature scale ϑ=T −T ⊥ such that for ϑ>0 the system is in normal state while for ϑ < 0 it undergoes phase transition to a state of (stationary) mirror turbulence. In this case we write
Close to marginality we have |ϑ|/T ⊥ 1 such that the small correction in the denominator can be neglected and
From here we find that close to critical conditions the critical magnetic field scales with temperature as
Such a scaling bears a certain similarity to the Meissner effect in metal superconductivity where the critical magnetic field would scale as B cM ∝−ϑ.
The critical field B c1 marks the transition from the normal to the mirror structured plasma states, respectively. There exists another critical field B c2 such that for smaller magnetic fields B<B c2 the entire plasma becomes demagnetized. This critical field is determined by the condition that the many neighboring mirror structures start overlapping. For this to happen the perpendicular scale k Indeed, an extended region of decreased magnetic field with steep walls would hardly be recognized as a huge mirror structure in non mixed state and might not exist at all.
The interesting remaining question is what keeps the mirror structures free of magnetic field. In linear mirror mode theory the assumption is that the pressure balance between cold plasma streaming into the bubbles from regions of high field strength balances the magnetic field pressure of the separating walls. However, we have seen that this condition is broken in the final stable state when the growth rate vanishes and the bubbles stretch into infinity along the magnetic field. In this minimum free energy case the stability of the bubbles is assured in addition to pressure balance by diamagnetic screening currents flowing along the surfaces of the bubbles. The number density of particles involved into these currents is n * , and the width of the current layer is the (ion) screening length λ * i =c/ω * pi based on n * . Measuring the screening length of the magnetic field thus allows for the determination of n * .
Guided by the London theory let us assume that, in the simplest case, the magnetic field decreases into the mirror bubble as B(x)∝ exp −x/λ * pi with distance x from the wall and that the structures are convected across the spacecraft at (magnetosheath) flow velocity v msh . Then
In terms of measured quantities this yields for the density of the "superconducting" particles
Using the numbers in the upper part of Fig. 3 , we find from pressure balance for the density enhancement in the mirror bubble
where we used k B T ≈30 eV, B 0 =30 nT, and for the minimum in the magnetic field B m 0.3B 0 . Figure 3 (lower panels) shows the logarithmic derivatives taken across the mirror structures. As the relevant value we take the maximum B /B=−5 of the logarithmic derivative in the descent of the magnetic field of the upper part as it corresponds to the turning point in the gradient of the magnetic field. From the above expression and the above values for n 0 we then find that
where v 100 msh =v msh /100 km s −1 . The flow speed was v∼50 km s −1 . From these values we find n * ≈0.7cm −3 , or
suggesting that only a fraction the order of a few per cent of the magnetosheath plasma is involved into the diamagnetic currents which (partially) screen the mirror bubbles from the magnetic field. From these considerations we may conclude that the final state of the mirror modes is in agreement with the assumption that some of the trapped plasma in mirror bubbles partially screens the magnetic field from the interior of the bubble. The mechanism of this screening is not identical though similar to the Meissner effect in superconductivity (see, e.g. Huang, 1995, Chp. 10) though in this case only classical particles are involved and no pairing of particles exists. Initially during evolution of the mirror mode particles of low parallel energy are confined by the mirror force into the mirror bubble. When the mirror mode relaxes toward nonlinearity its parallel wave number vanishes, and the trapped particles generate a screening current flowing along the surface of the bubble. As in the Meissner effect the diamagnetic effect of these currents is responsible for the persistent evacuation of the magnetic flux. The mirror-unstable high temperature plasma therefore behaves in some of its properties analogous to a superconductor. This is not as surprising as it sounds since the plasma is anyway ideally conducting, and the only necessary property that is required to produce the analogy is the property of macroscopic diamagnetism. This is warranted by the generation of a diamagnetic current j =(ω * 2 pi /c 2 )A, with A the magnetic vector potential, flowing in the transition layer between the mirror structure and the magnetic walls.
The mirror-unstable plasma represents a type II superconductor in mixed state containing a large number of magnetic flux tubes filling the regions between the magnetic field evacuated mirror bubbles. It should in principle be possible to describe such a medium by an equation of the kind of the Ginzburg-Landau equation (see, e.g. Huang, 1995; Lifschitz and Pitaevskii, 1998 , the chapters on the phenomenological theory of superconductivity). An attempt to derive such an equation is under way but is beyond the intention of the present paper. We note, however, that in type II superconductors the ratio κ=λ * i /ξ >1/ √ 2, where ξ is the correlation length of the screening particles. In the absence of a microscopic theory of the final stationary state the latter is not known. Since most of the particles are involved in the screening it is reasonable to assume that the correlation length corresponds to the density gradient which for bubbles being in pressure equilibrium is the same as λ * i , in which case κ≈1 marginally satisfying the above condition. The ratio κ (for metallic superconductors) can be expressed phenomenologically (see, e.g. Lifschitz and Pitaevskii, 1998, Ch. 5, pp. 153-183) in terms of measurable quantities as
where δ * is the London penetration depth of the magnetic field. Let us assume that dimensionally a similar expression holds for mirror modes in their nonlinearly stationary (marginally stable) state. Since κ must be constant and independent of temperature ϑ, we find that the mirror mode screening length δ * =λ * i scales with temperature as
There is no direct equivalent in the classical case for the above expression of κ. The constanth arises solely from the definition of the momentum operatorp=ih∇ in the quantum treatment of the Ginzburg-Landau theory. If we tentatively replaceh→mcλ i in our classical case, we can express
where v A ≈100 km s −1 is the Alfv'en speed, and we assumed that the mass m=m e in the replacement ofh is the electron mass. Inserting for the density ratio we find in this case κ≈100 1 suggesting that the mirror modes are definitely in the mixed state. However, when using the ion mass in the above replacement the mass ratio is one, and the value of κ can be either larger or smaller than 1/ √ 2 depending on the exact values of the Alfvén speed. This uncertainty is related to the incomplete knowledge of the correlation length of the "superconducting" particles. Hence, unless a more precise theory of this correlation length can be offered, the value of κ remains undetermined and thus inconclusive. For the measurements shown in Fig. 4 (upper part) , it seems that κ>1 suggesting that mirror modes are indeed located deep inside the domain of type II superconductors and thus appear in mixed state.
We mentioned earlier that the linear growth rate maximizes near k ⊥ r ci ≈1, taking into account the finite gyroradius effects. This does not substantially change the above discussion. The main variation is in the marginal anisotropy which now becomes A=1/β * ⊥ (Pokhotelov et al., 2004) where β * ⊥ =β ⊥ [I 0 (z)−I 1 (z)]e −z , with z=k 2 ⊥ λ * 2 i β ⊥ , and I 0 , I 1 the modified Bessel functions of zero and first order. Since now the marginal magnetic field is contained in the argument of the Bessel functions, the expression for B c1 becomes more complicated. One, however, observes that for long (perpendicular) wavelengths the condition is the one given above, while for short wavelengths k ⊥ →0 and the threshold condition increases implying a vanishing critical magnetic field which eliminates the effect. Thus the most probable perpendicular scale of the modes will still be close to
which is in approximate agreement with observation.
Summary and conclusions
The main result of this investigation is that mirror modes at their nonlinear final stationary stage tend to become long stretched magnetic field-depleted tubes with k =0 distributed across the plasma volume in a mixed state of such tubes and magnetic walls separating the tubes. This state in the ideally conducting collisionless plasma of space corresponds to a type II "superconducting mixed state" similar to a Ginzburg-Landau (or Abrikosov-Gor'kov) state familiar from low-temperature solid state superconducting theory. High-temperature anisotropic collisionless plasmas thus may under the condition of Eq. (9) resemble such superconductors.
The "superconducting" property is warranted by the property of localized diamagnetism in the plasma which under normal conditions does not evolve. It also manifests itself in the obvious suppression of other local instabilities which could otherwise generate anomalous resistivity. Most of these facts are still barely understood as one would expect that the steep magnetic field and density gradients generated could cause evolution of other micro-instabilities which tend to deplete the gradients. Since mirror structures are very long-lived subject there is plenty of time for such instabilities to evolve. Because of these facts we speak of the strange physics of mirror modes, which can be illuminated only by developing a consistent statistical mechanical theory of the mirror mode equilibrium, viz. minimization of the available free energy in an anisotropic collisionless high-temperature β 1 plasma. Currently we are far away from such a goal which possibly can be achieved only by full-particle numerical simulation.
We have derived an expression for the critical magnetic field strength B c1 for onset of the corresponding (superconducting) phase transition from normal to mirror state. This critical field is a function of temperature difference ϑ between parallel and critical temperatures. As critical temperature T c the perpendicular temperature T ⊥ of the plasma has A sequence of high-resolution magnetic field spacecraft observations of magnetosheath mirror modes close to the magnetopause recorded by Equator-S. The magnetic field exhibits large depressions the order of 66% in amplitude. In addition the shape of the magnetic field suggests that on the small scale the mirror structure is still in evolution showing deep erosions at its boundaries suggesting that at this stage magnetic flux is still expelled from the structure. been identified. The critical magnetic field was found to scale as B c (ϑ)∼|ϑ| 1 2 , and the penetration depth of the magnetic field into the bubbles scales as |ϑ| − 1 4 both slightly different from scaling in metallic superconductors. These dependencies suggest that the low-temperature behavior in superconductors in the high-temperature plasma case corresponds to a low-temperature behavior in terms of ϑ.
An interesting extension of these considerations is offered by application to collisionless reconnection which frequently is believed to be caused by generation of localized anomalous resistivity driven by small-scale current instabilities (Sagdeev, 1979a; Treumann, 2001) . Measurements have so far not provided any convincing clue for anomalous resistivity (LaBelle and Treumann, 1988; Treumann et al., 1991; Bale et al., 2002) . They support purely collisionless Halldominated reconnection (Fujimoto et al., 1997; Nagai et al., 2001; Øieroset et al., 2001; Runov et al., 2003) . Also, numerical simulations (Hesse et al., 1999; Shay et al., 1999; Drake et al., 2003; Scholer et al., 2003; Jaroschek et al., 2004; Pritchett and Coroniti, 2004) do not support the generation of substantial anomalous resistivity.
The plasma involved in reconnection in space is manifestly collisionless and thus ideally conducting, and the problem of breaking the frozen-in state of the plasma is the same as that in the collisionless mirror mode. The main difference is that in the mirror mode the magnetic fields are parallel, and initially no transverse current is flowing, while in reconnection the fields to both sides of the transverse current are (at least to some degree) antiparallel. In both cases the typical scales are identical, being the ion inertial scale (we note in passing that the ions on this scale become non-magnetized and Hall effects arise as the electrons are still tied to the magnetic field. This happens when r ci >λ i which corresponds to the weak condition β ⊥ >1 which is satisfied in mirror modes and in reconnection without or with only weak guide fields. Here ion inertia dominates over the ion-gyromagnetic effects causing the ions to decouple from the field and follow their own inertia. In particular, in the presence of electric fields on the ion inertial scale the ions will experience acceleration in the direction of the electric field).
Notably, Hall currents do not provide the diamagnetic effect required for annihilating the magnetic field in reconnection; the Hall magnetic field is transverse to the reconnection field. The situation is somehow similar to that in mirror modes with the main difference that the contacting fields are parallel in the mirror mode case. Therefore, one may expect that in similarity to mirror modes a diamagnetic effect may be generated in collisionless reconnection causing localized annihilation of the fields whenever the field drops below a certain still unknown threshold value (we note that arguments for the existence of such a threshold had already been given long ago by Sagdeev (1979b) based on consid-erations of electron dynamics in current layers which in the case investigated there were containing a week normal magnetic component (not a guide field!) thereby ab initio presupposing the presence of some weak reconnection). At the current stage, investigation of this mechanism is beyond the present approach however, even though it is of greatest interest from the point of view of understanding the disposition of free energy in collisionless reconnection. We may return to its discussion in future publications.
We conclude that the observation of mirror modes in the magnetosheath which are still slightly oblique and still contain a substantial component of trapped particles suggests that these structures, in spite of their large amplitudes and thus highly nonlinear states, are still nonlinearly evolving. This is most convincingly seen in very high-time resolution measurements of mirror mode structures by Equator-S (see Fig. 5 ). These observations show that the structures exhibit depressions on smaller scales along their walls which may be related to a stage when the flux tube is not yet stretched sufficiently and magnetic flux is still expelled from the flux tube. This is supported by the fact that the turbulence in the magnetosheath is restricted to a relatively narrow region in space which is bound by the dynamically evolving nonstationary bow shock and the as well dynamically evolving non-stationary magnetopause. The former reforms continuously while the latter undergoes time variable reconnection and large-scale instabilities like the Kelvin-Helmholtz instability. Moreover, the magnetosheath flow is non-stationary and the magnetosheath itself is highly inhomogeneous such that one cannot speak of an infinitely extended stationary turbulence or turbulence embedded into a box. The expectation of observing non-evolving mirror structures is therefore unrealistic. Mirror structures in the magnetosheath are mutually interacting and also interacting with the magnetosheath boundaries and thus are frozen into flow under nonlinear evolution. Their Cluster data-based recent identification as apparently distinct non-cascading turbulent modes (Sahraoui et al., 2003) with dispersion only marginally satisfying the linear dispersion relation provides another argument for them to still be in evolution not having reached their final stationary state.
